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Teaching Schedule
Topic

Introduction to the course,
What is EIA?Definition and history of environmental impa
assessment
Tools for assess environmental impact: Checklist, Netwol
Matrices, Overlays, Mathematical Modeling
Environmental Impact Assessment for air and noise
Environmental Impact Assessment forlsmid land use
Environmental Impact Assessment for water quantity
quality
Environmental Impact Assessment for biological: terrestri
ecology forest and wildlife
Environmental Impact Assessment for biological aquatic
ecology: plankta, nekton, benthos and importance coasta
habitat
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Introduction to the course, What is EIA? Definition and history of
environmental impact assessment

What is Environmental Assessment ?
A Definition

I EA is a systematic process to identify, predict and evaluate the
environmental effects of proposed actions
T Applied prior to major decisions and contments
I EIA and SEA are both forms of EA but are applied at different
levels
A SEAT applied at the policy and plan making level
A EIA i applied at the project level
A A planning tool providing an aid to decisiomakers, policy makers,
developers, industrialised the public. It does not provide the answers
- only a vehicle to get to the answersin a logical and ordered
manner
A Why are SEA & EIA important?

I Environmental effects of major Policies, plans & projects
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I Increased globalisation of economies has leagldioal effects

I Sustainability policy making identified EA as a significant tool to
apply to arrest environmental degradation

Need for SEA & EIA:-

I To identify and evaluate all potentially significant environmental
effects of proposed undertakings, at agstavhen alternative
solutions, including remedial measures and the alternative of not
proceeding, are available to decision makers.

I To ensure that the proponent and governments and agencies
required to approve the undertaking give due consideration to the
means of avoiding or mitigating and adverse effects pigor

granting approval.
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Tools for assess environmental impact: Checklist, Network, Matrices,
Overlays, Mathematical Modeling
Environmental Impacts
A Type
I ecology

I water quality
I social
A Nature
I direct
I indirect
I cumulative

A Magnitude & severity

I high, moderate, low
A Extent
I local

I regional
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I transboundary

A Timing
I immediate / long term

Development of EA

EIA
A USA National Environmental Policy Act 1969
A 1970s- Australia, Canada, Columbia

A 1980s- European Union & development on secondary systems

A 1990s- World Bank, development institutions
SEA
A 1980s- initial steps into SEA
A 1990si SEA institute by a number of countries
A 20007 SEA widely adopted & progress toward sustainability
assessment
A Why EA Process?

A Does not consist of linear step by step activities
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A EA is iterative- includes feedback loops to continually improve
plan or project and understand the implications for the
environment

A Represents a method of refining a proposal, informing decision
making and addressing the environmental effects

A Impact Analysis
A Identify and predict likely environmental effects of project
A Evaluate these impacts
A Are they significant?
A Can they be prevented, reduced or offset?
A Mitigation
A dentify ways that significant impacts can be prevented,
reduced or offset
A Environmental Statement

A Presentation of the results of the EIA process until this point
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Environmental Impact Assessment for air and noise

Assessment of Sign

ificance

Finally Determined Impact Significance

Impact Likelihyod

[A} Mever Heard of In|(B) Heard of In 20 & |{C) Incldent has [O) Happens Several [(E) Ocowrs Several
Ol & Gas Industry | Gas Industry Dcourred In Reglan  [Times per Year i |TImes per Year at
Reglon Ske
[Extremsly Unilkely] |(Unilkely) {Low Likelinood) [Madium Likelinood) [iHigh Likeinood]
Shignt Hegligiole Impact  |Meghghiole Impact  [Magigibla Impact  [Megligiole Impact  [Neghgiols Impact
JLow IHegliglble Impact (Megliglble Impact  |Hagligibls Impact  [Megliglble to Minor |Miner Impact
Impact
Jrtedium [Hagligible Impact  (Megligible Impact  |Minor Impact Minor - Moderate  (Modsrate Impact
JHign Hagliglbls to Minor |Minor Impact |moderats iImpact
Impact
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Noise Assessment

A Noise is;
I unwanted sound
I decibels (dB)
I sound pressure level
A The human ear is more responsive to mid frequencies than high or low

frequencies
A A weighting mechanism dBis used to mimic the human ear
A Noise is a logarithmic scale so an increase of 10 dB doubles thd sou
pressure level
A Terminology
I Lamax T The maximum Aweighted sound pressure level recorded

over the measurement period.
I Laeq T The equivalent continuous -#eighted sound pressure

level (an average of sorts).

I Lawo I The sound pressure level that is exceeded 0% of the

time.
I Laso T The sound pressure level that is exceeded for 90% of the

time (the background noise level).

10
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NoiseAssessmenBaseline Environment
A Establish Ambient Noise

I Monitor noise at communities in vicinity of project activities

Location Legaater Linax Lse
Infield Facilities 461 -04.2 829-923 352-p43
Pipeline 41.7 -049 748 -1059 352 -675
SFPP 464 -6l 745 -1039 422451
Ambient Noise Standard 70 115

Source: EELU and 5TS Greemn (2003)

Noise Asessment Impact Assessment

Identify sources of Impact

A Construction
I Vehicles, such as;
A Bulldozers, Excavators & Trucks
I Equipment, such as;
A Generators, Auger boring machine, UBD rig
A Operation
|dentify Potential Effects

A Construction & Operation

I Annoyance & dsturbance at sensitive receptors

11
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Evaluate Impacts

A Predict noise levels
I Engineering Equipment & Materials Users Association,
Specification 140 Noise Procedure
A Compare to Ambient Noise Standards
i Leqzan= 70dB(A)
I Lmax=115dB (A)
T Loo = an ncrease of morehain 10dB (A)from ambient noise

conditions igecognised as disturbance

12
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Sensitive Receptors Predicted SPL Baselimelsy  Level of Ammoyance
(dBA) during {Average) {dBA)
construction
Normal Construction (PWL 125 dBA)
Ban Eham Yai (~0.5 km W5W) a0 47-50* 0-3 (ot Anmoying)
Wat Ban Fham Yai (~0.87 lan W) 45 45 1 (ot Armoving)
Ban Fham Yai School (~0.35 km 5W) 49 46 3 (ot Armoying)
Auger Faling (FWWL 114 dEA)
Ban Fham Yai i~0.8 km W5W) ) 47-50 < 0 (Mot Annoving)
Wat Ban Fham Yai (~0.87 lan W) 38 43 < 0 (Mot Annoying)
Ban Eham Yai School (~0.85 km SW) 38 46 < 0 (ot Annoying)

“Jote: * Baseline data not available - therefore assumed / anticipated for such an area.

Source: ERM (2004}

Identify Mitigation

A Use good site practice, such as;

I Select quiet plant

I Select quiet working methods

I Well maintained plant

I Shut devn plant between work periods

I Orientate plant to direct noise away from sensitive receptors

13
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T Use silencers or mufflers

A Assess Impact Significance

Impact Typs Corstruction activiles and equipment aperatian

Impact Magnltude | Amilent Molse & Nusance Standards &7 Sershive Receplons

Impact Makure Magaive hedira S5 s

Impact Catagory Cirect Secondany ndirect [ | Cumuiatve

Imgact Extent [ Regonal Zoba

Impact Duratlon Temparary Shori-bem Lang-iem Farnanent

Impact Sevarity Slight Lo Meolum High [ | Crtlca
Liksllhcod {E) Continuous durng active canstrucdion [day-tme)

Slgniflcancs | Megligiie | Minor [ | Mogerate [ | Malor [ | Critica

A Improvements

I Additional information on prediction method
A Summary of procedure
A Indication of standing of staadd, i.e. international,
national, local
I Predict significance before mitigation
A Highlight effectiveness of mitigation

A Provide a worst case scenario

14
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Environmental Impact Assessment for soil and land use

Land degradation is related to climate and soil characteristics, but mainly to
deforestation and inappropriate use and management of the natural resources
soil and water. It leads both to a non sustainable agricultural production and
to increased risks of catastrophic flooding, sedimentation, landslides, etc, and
effects on global climatic changpacts. Landslides in hillslopes, which have
been generally viewed saisolated catastrophic events resulting from
infrequent rainfall and seismic events, are becoming major erosion and
sediment transport processes worldwide, where deforestation (Sidle, 1992)
and drastic land use changes occurs, causing irreversible |graddtgon.

Even in cases where landsliding is related only to extreme rainfall events
with long return periods, the amount of soil removed anekitdf effects
generally outweigh the effects of the more studied continuous surface erosion
processes. The ilnlence of the effects of land use and management changes,

including the injudicious application of soil and water conservation practices

15
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and structures, like terracing, in triggering landslides and mass erosion in

general, is largely overlooked.

Causes ofland degradation Economicand social problems, connected to

population pressure, market changes and prices, and technical needs, may
produce drastic and sudden changes in land use and management, which ma
increase the potential hazard of land degradatmmhside effects (Pla, 1993).

In some countries or regions of the World, agricultural production patterns
and practices have changed over the last century, becoming highly
mechanized, capitalized and specia lized, emphasizing -$atbstituting
technologis, which focus on the generation of shderm cash flow. In the
absence of sufficient economic incentives for conservation, this type of
agriculture incorporates no concern for leegn sustainability of
production. In others, population growth and latkresources have obliged

to intensify the use of marginal lands without appropriate conservation
practices, which is leading to land degradation and non sustainable

agricultural production.

16
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Global climate changesnay contribute to accelerate some langrddation

processes and their effects in some regions of the World, but in any case, land
use changes, including deforestation and other human activities leading to
soil degradation processes may affect more the processes and effects of lanc
degradation thn the previewed global climatic changes, or may increase the
influence of these changes (Pla, 2000). Moreover, appropriate land use and
management can substantially reduce the buildup of atmospheric greenhouse
gases and the derived global warming, redyc®O2, N20 and CH4
emission and increasing carbon sequestration in vegetation and soil.
Although land degradation risk may be mitigated by specific soil and crop
management practices, some degree of production risk will always remain. In
advanced agricultal systems land degradation processes are generally
compensated by constant external inputs of energy, nutrients and other
control measures, to avoid soil and water degradation effects. Any break in
these artificial measures may cause a complete lossodugivity, as it
frequently happens in developing countries due to economic setbacks. The
negative effects of land degradation may be masked by technological inputs
like improved crop varieties, heavy use of fertilizers, better pest and disease

control, irrigation and improved tillage and planting methods, but there is

17
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eventually a point at which those inputs can no longer sustain economic

production.

All major developmentéfiave the potential to cause significant environmental

impacts as aesult of disturbance to soil and land resources during both
construction and operational stages. These may be associated with high
financial costs to the proponent and the community, in addition to
environmental degradation and loss of amenity. It se@sal that such
impacts be properly recognised, evaluated and addressed during the planning
and feasibility stage of any development project. The purpose of this report is
to provide a guide to requirements and methodology relating to the
assessment ofod and landscape issues during the Environmental Impact

Assessment (EIA) process.

18
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More specifically, it outlines:
a broad overview of the EIA process and legislative responsibilities in
NSW (Part 1);
the normal sotlandscape data requirements artd survey methodology
required for the project site (Part 2);
guidelines on the evaluation of potential soil and landscape impacts (Part
3);
overview of the types of measures needed to mitigate against the potential
soil and landscape impacts (Parta)d
the major soil and landscape issues that normally apply to specific
development types including
(i) urban development;
(i) effluent disposing industries;
(i) forestry operations;
(iv) mining and extractive industries;
(V) coastalestuarineriparian works; and
(vi) intensive agriculture (Part5).
The report is principally concerned with land degradation impacts such as

soil erosion and sedimentation, but also gives information on other land

19



*

a

a
Lol a1iaill & Lol

related impacts such as mass movement impacts (eg,fallyve), pollution
impacts (eg, soil and water contamination) and hydrological impacts (eg,
flooding). It does not deal with other environmental impacts such as loss of
biodiversity. This report is designed to guide in the assessment of soil and
landscap issues rather than provide a comprehensive and universal checklist
of requirements for all situations. Not all of the issues addressed in the
document will be applicable to each project. Conversely, there may be
additional issues not covered here. Aligb this guide is mainly designed to
assist proponents during the preparation of Environmental Impact Statements
(EISs) in NSW under Parts IV and V of the Environmental Planning and
Assessment Act 1979, it is also applicable to other environmental asesessme
and planning processes. These include the preparation of Statements of
Environment Effects (SEES) for less significant projects, project feasibility
studies, and detailed management plans and designs (usually prepared for
projects following approvallt is primarily the level of detail required for the
different types of studies that will vary. The report is essential for all
development proponents. It will form the basis from which the adequacy of
an EIA will be judged with respect to soil and langsxdssues by the

relevant

20



IRAQ

Ml

ETJ

a
u.uLn.u.LII aridaill Gealall

Overview of Soil and Landscape Impactsoils are defined as the

unconsolidated materials occurring at the land surface overlying the solid
bedrock. They are typically composed of combinations of clay, silt, sand,
gravel and organic matter, together with living organisms, water and air.
These are normally present in the form of horizontal layers or horizons,
forming a soil profile. Unconsolidated alluvial or windblown deposits such
as sand dunes are also includedthis definition. Soil is an extremely
important resource, providing not only the medium for most plant growth and
agricultural activity, but also the foundations for our infrastructure, filter
systems for our effluent, and water barriers for our dameir Titelative
thinness, scarcity and essentially renewable nature in Australia make
them particularly valuable in this country. It is also a very fragile resource,
being highly susceptible to loss and degradation when not properly managed
or used withm its capability. The term landscape as used here, refers to the
broader physical character and conditions that make up a particular site. It
takes in such factors as slope, topographic position, geology, watenrun
and drainage characteristics, positio the wider catchment, and the nature

of ground cover of the site. These factors can have a great bearing on the
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types of limitations that affect a site for particular developments. For
example, the potential for soil erosion, flooding, mass movemahtpaor
drainage are all affected by the position of a site in the landscape. It is
generally a combination of soil and landscape properties as well as climatic
factors acting in conjunction with each other that will determine the
behaviour and potentialrgblems of a particular site under a given activity.

It is this principle that forms the basis of soil landscape mapping which is
now being widely undertaken throughout NSW. Several adverse
environmental consequences can occur due to inadequate assemstent
management of potential soil and landscape impacts at a development site.
The most widespread of these impacts is soil erosion and the associated
transport of sediment to downslope sites, streams and waterbodies. For
example, it has been estimatedtttl4 billion tonnes of topsoil is lost
throughout Australia every vyear through erosion (Commonwealth
Environment Protection Authority 1996). In 1988, it was estimated that more
than 35% of NSW was affected by some form of water erosion (Soil
ConservatiorService of NSW 1990).

Other potential adverse impacts that may cause serious environmental

degradation and damage to infrastructure include:
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mass movement such as landslides and earth slumps;

contamination of soils and waters through such activitesfluent
disposal and application of farm chemicals;

soil degradation through such processes as nutrient decline, compaction
and salinisation;

hydrological impacts such as flooding and waterlogging; and

impacts from the disturbance of acid sulfa®ls. The principles of
ecologically sustainable development (ESD) need to be borne in mind. Soil
and landscape resources need to be protected for future generations, not jus
for the life of proposed project. It is necessary to consider future use of the
site. For example, the contamination of a soil by effluent may be acceptable
for the life of a proposed industry, but may prevent any alternative future
usage of that site. Another example is the loss of soil from an agricultural
operation which may appedo be acceptable in terms of the life of the
current landholder but may not be sustainable in the longer term, thus
affecting future generations. It is also necessary to consider the issue of
cumulative impacts in relation to a proposed project, ie,idenag potential
impacts in conjunction with the impacts from surrounding developments and

land uses or those in the same catchment. For example, potential

23
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sedimentation of a waterway from a single development may appear to be
insignificant, but when itd combined with the sedimentation derived from all

surrounding developments, may be unacceptably high. The cumulative
impacts from different phases of a development project, ie, construction,

operation and post operation phases, also have to be considered.

Overview of EIA Process in NSW

b) Preliminary Design of Project

c) ) Appropriate Sit&election

d) Scoping Exercise

e) Site Survey and Da Collection

f) Evaluation of Impacts

g) Design of MitigatingMeasures and Monitoring Program
The design of measures to mitigate agaithe identified potential soil and
landscape impacts and of a monitoring program to ensure the continued
effectiveness of these measures is an important part of the EIA process. This
matter is dealt with in Part 4. g) Preparation of the EIA Reportdotd of
the Environmental Planning and Assessment Regulations 1979 sets out items

that must be addressed in an EIS report (see Appendix 2), in addition to
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specific requirements requested by the determining authority. Other forms of
EIA reports would bexgpected to cover a similar range of items.
In relation to soil and landscape issues, the EIA report should include the
following broad matters:

Description of the soil and landscape at the site, including:
* summary of important features and limitatioredating to soils (physical
and chemical properties), landscape and climate
* map showing distribution of selandscape features (possible exception for
small and uniform sites)
* detailed information such as specific field data, test results and
methodobgies used should be provided in Appendices

Evaluation of impacts, including:
* the nature, magnitude and broader environmental significance of all
potential significant impacts including how they are caused, what their
effects will be, and methodologies used in the evaluation

Outline of mitigaing measures, rehabilitation and monitoring
* including an outline of appropriate management plans such as Erosion and

Sediment Control Plans and Wastewater Management Plans.
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Legislative Responsibilitietn NSW There is extensive legislation in NSW

relating to the protection of soil and land resources of which development
proponents must be aware. Farrier et al. (2000) provides a very useful
account of the relevant legislation. This includes the: Environmental Planning
and Assessment (EP&A) Act 1979 undehi ch t he St ateo:
development processes are primarily controlled. It requires the preparation
of environmental planning instruments such as Local Environment Plans
(LEPs) and the undertaking of environmental impact assessments in the form
of EISs or Statements of Environmental Effects (under Parts IV or V). The
potential "environmental impacts on both the natural and built environments”
must be considered by the consent authority when making approval decisions
(s79C). The associated EP&A Regtions (Schedule 2) 1994 contain a list of
factors that must be addressed by the proponent in an EIS. Several of these
factors relate to soil and landscape issues (see Appendix 2). It is administered
by Department of Urban Affairs and Planning. Note tlesised Regulations

are due for release in September 2000. Local Government Act 1993 that
pl aces responsi bility on | oc al g o\

restor e, enhance and conserve t he e
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bearing on the elvel opment approval s proce:

operations.

It is administered by the Department of Local Government and the local
Council s. Soi |l Conservation Act 19:
soil resources and for the mitigation of ecosi 0O . |t provi des
of developers and landholders where actions or failures to act are causing soil
erosion or land degradation (s15A, 18 or 22). The Protected Lands
provisions formerly in this Act are now within the Native Vegetation
Consevation Act 1997. It is administered by DLWC. Catchment
Management Act 1989, the objective of which is to bring about the
coordinated and sustainable use and management of land, water, vegetatior
and other natural resources on a catchment basis. It cglieluntary
cooperation of the community, rather than a regulatory approach. It is
administered by DLWC. Native Vegetation Conservation Act 1997 controls
the clearing of native vegetation throughout NSW. Regional vegetation
management plans are to beared to aid in this process. Soil and land
degradation issues are considered as part of the planning and approval
process under the Act. It is administered by DLWC. Crown Lands Act 1989.
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Any activities occurring on Crown Lands must be authorised uhieACt,
generally through a licence, lease or reserve. Activities must be in
accordance with the Principles of Crown Land Management that stress the
protection of soil, water and other environmental values (sl1l1). It is
administered by DLWC. Soil and Ldscape Issues in EIA, DLWC
Technical Report No. 34, 2000 7

Western Lands Act 1901 that provides for management and protection of all
Crown Lands (comprising over 95% of total) in the Western Division of
NSW. It requires an authority for clearing andtivation of leasehold land.
Lessees can be directed to undertake soil conservation measures, refrain from
certain agricultural practices and preserve important vegetation. Rivers and
Foreshores Improvement Act 1948 that provides for the protection and
impr ovement o f Aprotected waterso (
estuari es) and the associated f#dpro
land within 40 m of these waters). A permit is required under this Act for any
activity that may interfere wit t he fl ow of these #fAp
any excavation or removal of mat e
administered by DLWC. Note that parts of this Act are being replaced by the
Water Management Act 2000. Coastal Protection Act 1979 thatda®vor
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the protection, maintenance and restoration of the environment of the coastal
region. Consent or concurrence under this Act is required where there is no
existing environmental planning instrument or where a significant
engineering or miningpropet i s i nvol ved. |t app
which generally includes the beachfront, estuaries and adjoining wetlands,
and offshore areas to the 3 nautical mile limit. It is administered by DLWC.
Protection of the Environment Operations Act 198s replaces earlier
pollution control legislation including the Clean Air Act 1961, Clean Waters
Act 1970 and the Environmental Offences and Penalties Act 1989. The Act
prohibits all activities that result in water or air pollution, except where they
are carried out in accordance with a licence issued by the NSW Environment
Protection Authority (EPA). It provides for the imposition of severe penalties
for pollution offences. Such pollution includes sediment and dust,
particularly where these are contaatied. It is administered by the EPA.
Other Legislation. Various other legislation relating to specific land uses
provide for the protection of soil and landscape resources including the
Pesticides Act 1978, Environmentally Hazardous Chemicals Act 1985,
Forestry Act 1916, Maritime Service, Mining Act 1992, National Parks and
Wildlife Act 1974, Unhealthy Building Land Act 1990 and the Waste
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Minimisation and Management Act 1970. Relevant Government Policies. A
number of NSW Government policies also providetfer protection of soil
and landscape resources, bearing in mind the influence they have on the
decision making process of NSW Government agencies. Important relevant
policies include the:

Total Catchment Management (TCM) Policy

Native Vegetation Conseation Strategy (Draft)

State Soils Policy

NSW Coastal Policy 1997

NSW State Rivers and Estuaries Policy.

EVALUATION OF POTENTIAL IMPACTS

This section outlines the major environmental impacts relating to soil and
landscape issues that require coesation and analysis during the
assessment and planning stages of a project. Details are provided on the
broad methodology for predicting such impacts. The environmental impact
assessment (EIA) must demonstrate that all potential impacts have been
adequatly analysed, including a determination of their magnitude and

environmental significance. Quantitative analysis is preferred over qualitative
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analysis. Because soil erosion and associated sediment transport are generall
the most widely encountered soildatandscape impacts on development
sites, these have been given the most detailed treatment in this section. Othet
soil and landscape impacts including mass movement, soil contamination,
soil degradation, hydrological impacts and disturbance to acid esidéalls

are covered in less detail because they are less frequently encountered and ar

better dealt with in other published guidelines.

Soil Erosion and Sediment

Transport Soil erosion and the consequent sediment transport are caused by
the action ofwater, wind or gravity on exposed soil. The process involves the
detachment of particles from the soil surface due to the force of raindrop
impact, flowing water or wind and its subsequent transportation away from
the site. The main categories of soil #om are sheet, rill, gully, tunnel,
streambank and wind erosion. It is possible for several of these to act
simultaneously. These problems can be severe on many development and
intensive land use sites where the vegetation has been cleared and the soil i
entirely unprotected against erosional forces. Useful references include
Rosewell et al. in Charman and Murphy (2000); and Clarke et al. (1985). (a)
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Major Impacts Soil erosion and sediment transport are associated with a
range of serious adverse impagtsthe environment, both from an ecological
and human perspective. These impacts are located at the site of erosion, in
the transporting waters and at the site of sediment deposition as discussed
below.

1) Impacts at the site of erosion The most serioyzacts are generally the

loss of valuable soil, particularly topsoil, which provides the medium for
plant growth. This soil loss results in less potential for agriculture, site
rehabilitation, reestablishment of native ecosystems and development of
landsaped gardens. Other impacts relate to damage to roads and building
foundations, difficulties in many construction operations where bedrock has
become exposed and the creation of access problems due to the presence c¢
deep rills or gullies on site. Noteahsoil erosion can also occur on adjacent
lands away from the development site as a result of increased water runoff.
Soil and Landscape Issues in EIA, DLWC Technical Report No. 34, 2000
25

i) Impacts in the transporting waters and air A serious anhps the
reduction in water quality arising from high turbidity; sediment has been

described as the worl dds greatest |
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of the waters occurs when the eroded soil contains high nutrient levels (eg,
from fertilisers) or hazardous chemicals (eg, from previous industrial
activity). These problems result in degradation of the natural aquatic
ecosystem (eg, replacement of native fish by exotic species such as carp);
outbreak of blugreen algae, decline in quality of wafer human use and
loss of aesthetic and recreational values. In the case of wind erosion, fine dust
can be carried hundreds of kilometres through the air, resulting in lowered air
guality. Even relatively small quantities of airborne dust can lead taohheal
problems for some people.
i) Impacts at the site of sediment deposition The bupdof sediment in
sites of deposition is often associated with serious problems. Waterways such
as river channels, lakes, estuaries and wetlands may become filled with
sediment leading to:

a smothering of natural aquatic and riparian habitat, eg, sea grass beds or
riverbank vegetation;

increased streambank erosion and channel width, resulting in potential
loss of riparian habitat and property;

reduced waterway navigability;
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increasd flooding due to decreased carrying capacity of waterways;
and/or

damage and a loss in utility of public and private assets such as water
storage facilities (includes small farm dams to major town reservoirs),
harbours, stormwater channels, roads andse@aays. The deposition of
airborne dust can have significant impacts, particularly if large volumes are
involved. Fine dust can cover or even partially bury various public or private
assets such as roads, buildings and crops. Damage can occur to \&ldcles
machinery through dust intake. (b) Analysis of Impacts Determination of the
potential extent of soil loss through erosion on a development site is essential
to the prediction of the magnitude of the abaventioned impacts and to the
design of adeque control measures. For minor projects, a qualitative
analysis may be sufficient, but for major projects where significant soil loss
is likely, a quantitative analysis is generally required. Soil and Landscape
1) Qualitative estimation of soil loss The magnitude of soil loss is dependent
on a number of factors as outlined below. soil erodibiitsefers to the
inherent susceptibility of the soil to erosion. It is dependent on a number of
propertieghat may combine in complex relationships and is often difficult to

accurately predict. Influencing properties include: textugenerally the finer
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the nonclay fraction, the more erodible the soil, eg, sand particles are less
erodible than silt partiels; high clay contents usually mean greater soil
cohesion and less erodibility. structurdne greater the degree of soil particle
aggregation, the more stable the soil. quantity of dispersible diapersible

clays are highly unstable in the presemfewater and are easily eroded.
Dispersibility is a result of high sodium contents. Conversely, clays which
flocculate are more stable. permeabilityow permeability results in high
surface runoff leading to greater erosion. Coarser textured;stuetiured

soils with low sodium content are generally more permeable. organic content
-soils with higher organic content are generally less susceptible to erosion.
stone content stones provide some protection against erosive impacts and
generally serve to deice erosion. slope factorghe slope gradient is a major
determinant of surface water velocity (thus, erosive power) and water runoff
compared to infiltration. Slope length (the length of uninterrupted slope
surface) also influences surface water vayocrhus, the greater the slope
gradient and length, the greater the soil erosion potential. rainfall (and wind)
erosivity - the intensity and duration of rainfall events determines the
quantity and force of water impacting and flowing over the soil seréax

causing erosion. In a similar way, the strength and duration of windy periods
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will influence the potential for wind erosion. ground coveground cover in

the form of vegetation, mulch, stones or other materials serves to protect the
soil from raindop, water flow or wind impacts and also reduces the surface
flow velocity of water or wind. Thus, the greater the extent of ground cover,
the less is the erosion potential. land use and soil conservation prattiees
extent to which good land managempractices such as maintaining ground
cover, contour ploughing and water management controls are implemented
has a strong bearing on the erosion potential.

An analysis of the aboviactors as they apply to the project site will allow
for a qualitative assessment of the magnitude of potential soil erosion and
sedimentation impacts arising from the project. An examination of soill
behaviour and the extent of soil landscape impactsrooguon other sites

under comparable land use can also provide valuable guidance.
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Environmental Impact Assessment for water quantity and

guality

WATER QUALITY IMPACT ASSESSMENT

Introduction

A water quality impat assessment has been undertaken to define the nature
and scale of potential environmental impacts associated with the Project
specifically in terms of the effects in the vicinity of sensitive receivers in
accordance with the requirements of the StudgfBand Annexes 6 and 14 of

the Technical Memorandum to the EIAO. Both construction and operational
phase impacts have been assessed and mitigation measures have bee
identified to reduce any residual impacts to acceptable levels. 5.2 Legislation,
Standards Guidelines and Criteria Legislation, Standards, Guidelines and
Criteria relevant to the consideration of water quality impacts under this
study include the following:

A Wat er Poll ution Control Ordi nance
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A Technical Memor andum tb @drainadefand u e
Sewerage Systems Inland and Coastal Waters;

A Environment al |l mpact Assessment
Memorandum on Environmental Impact Assessment Process;

A Technical Memorandum for Effl uen
stautory requirements, the Practice Note for Professional Persons,
Construction Site Drainage (ProPECC PN 1/94), issued by ProPECC in
1994, also provide useful guidelines on the management of construction site
drainage and prevention of water pollution assed with construction
activities and are referred to in this report. Water Pollution Control Ordinance
The Water Pollution Control Ordinance (WPCO) is the legislation for the
control of water pollution and water quality in Hong Kong. Under the
WPCO, HongKong waters are divided into 10 Water Control Zones
(WCZs). Each WCZ has a designated set of statutory Water Quality
Objectives (WQOs). The WQOs set limits for different parameters that
should be achieved in order to maintain the water quality withiW&'s.

The ultimate discharge point for the Outfall is to the Western Buffer Water
Control Zone as shown on Figure 5.1. The WQOs are applicable as

evaluation criteria for assessing compliance of any effects from the
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construction and operation of the Projedtechnical Memorandum for
Effluent Discharges All discharges during both the construction and the
operational phases of the Project are required to comply with the Technical
Memorandum for Effluents Discharged into Drainage and Sewerage
Systems, Inland @ahCoastal Waters (TM) issued under Section 21 of the
WPCO. The TM defines discharge limits to different types of receiving
waters. Under the TM, effluents discharged into the drainage and sewerage
systems, inshore and coastal waters of the WCZs must conitilythe
pollutant concentration standards for particular discharge volumes. Any new
discharges within a WCZ are subject to licence conditions and the TM acts as
a guideline for setting discharge standards for the licence. Environmental
Impact Assessment Ordinance and Technical Memorandum on
Environmental Impact Assessment Process Under Section 16 of the EIAO,
Environmental Protection Department (EPD) issued the Technical
Memorandum on Environmental Impact Assessment Process (TMEIA)
which specifies the asssment methods and criteria for environmental
impact assessmerithis ProPECC Note is generally applicable for control of
site runoff and wastewater generated wigirthe construction phase of the

Project. Techni cal Memorandum (TM)
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into Drainage and Sewerage Systems, Inland and Coastal Water The
Techni cal Memorandum (TM), AStande
Drainage and Seweraggy st e ms , |l nl and and Coast
Section 21 of the WPCO defines acceptable effluent discharge limits to
different types of receiving waters. With regard to inland waters, there is no
distinction between different zones and the benefigalaf the inland waters

Is the only factor governing the quality and quantity of the effluent that
should be met. Under the TM, inland waters are classified into four groups.

These are given below in Table 5.1.

Table 5.1  Different Groups of Inland Water Specified in the TM

Inland Water Grouping Beneficial use

Group A Abstraction for potable water supply

Group B Irmigation

Group C Pond fish culture

Group D General amenity and secondary contact recreation

For this Project both Group A and Groupviaters prevail, as the Project
encroaches on the Water Gathering Grounds as well as inland waters which
are within the Study Area. The WQOs which prevail are given in Table 5.2
and Table 5.3.
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Table 5.2 Standards for Effluents Discharged into Group A Inland Waters
(All units in mg/L unless otherwise stated; all figures are upper
limits unless otherwisa indicatad)

Flow ruie < 1l = 1 = 1 = 50 = I

iy} nmed wnal anal anal
Dieterminnna e L1 =2 S g LIS =2 M)
pH {pH unsis) 6.5-8.5 6.5-8_5 H.5-5.5 6.5-H.5 . 5-H.5
Temperahare { 1T 15 ] 50 30 3
Codoar { lowibomd umis) ] 1 1 1 1
[25mm cell lemgth)
Comductivety {pz'c, at 20 LMD 10 L LY L
Suspended solids 10 10 5 5 5
Dssolved oxygen =i} = X | =X | i
B 11 10 5 ! ]
COD S0 50 20 20 10
(hl & Grease l l l 1 1
Boron 2 2 l 0.5 0.5
Earium 2 2 1 0= 05
Irom 2 2 | 0.5 0.5
Arsenic 0.0 (105 (.05 (.05 005
Total chromium 0.0 (10K5 (.05 (.05 .05
Meroury (LMK 0001 0,001 L] 1.0
Cadmium (LMK 0001 0,001 L] 1.0
Selenzum 0.0 1.0K1 .01 .01 .01
Copper 02 .7 0z 02 0.1
Lead 0l .1 .l 0.1 0.1
Manpgarese L5 L5 L5 .5 0.5
fanc 1 1 1 1 1
Other toxsc metals mdavedually ol 0.1 0.1 0.1 .1
Total toxic metals .3 0.3 0z 0z 015
Cyanade 0.5 {105 (.05 (.05 ooz
Phemals 0l .1 .l 0.1 0.1
Hyvdrsgen sulphide 0.0 (.05 (.05 (.05 .05
Sulphade 02 L.z .l {1 0.1
Fluonde 1 1 1 | 0.5
Sulphabe K00 0 Sl 401 20
Chlanide K00 500 5K 20 20
Tolal reactrve phosphorus | .7 7 5 0.5
Ammonia miroeen 1 1 1 1 5
Mrimate + mitrsle mitrogen 15 1% 1% 10 10
E. cols {count' 1 il 1 1 1 i | i |
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Table 5.3 5Standards for Effluents Discharged into Group D Inland Waters

Flow rmie | SZ0{0 =20 =41 = fllel] 2= il 1Y | =150 | =20

||:|1]l':|u}':| nmd und numd nmd und numd umd
Dheterminamad S il {11 S10 | K150 | SZ00 | SR
pH {pH unmits) &=10 =10 &-10 &=10 =10 G-10 G110 G=10
Temperature [T ."':I n L2 il il L2 i) il
Colour [ lovibond wnsts) 1 1 1 1 1 1 1 1
{25mm cell lengih)
Suspended solids I ] b I i L] i 3
By I 1] i i 1 2 1] 1 a1
L0y =il pei 1] =i i ] i ] =i il =i
hl & Grease 1 I 1k 1 Ik 1 1 1]
[roin I -] T ] ] 27 z 1.3
Boron 5 4 15 15 z 1.5 | 0.7
Harsumn ] 4 15 15 z 15 | 0.7
Mercury 0.l 005 0.1 0.0 0.1 0.1 0.1 0.1
Cadnunam 0.1 0.5 0.1 0061 0.1 0.1 0.0 0,011
Chber oxsc metalks 1 1 0K 0.8 05 05 o2 o2
mndividually
Total loxic metals 2 s 1.6 1.6 1 1 0.5 0.4
Cvanade 0.4 0.4 0.3 0.3 02l 0.1 0.1 0.05
Phenols 0.4 0.3 02 0.l 0.l 0.l 0.l 0.1
Sulphsde | | | | | | | |
Zulphate =00 [SIL 1] &0 (=111} (L1} 0 40 0
Chiloride 100 =00 B0 =0 (L1} &0 40 0
Flucinde I = = = ] ] 3 1
Total phosphoms 1] 11 1 by = = b 5
Ammoma mitrogen 2 0 il 2 2 i1} 20 1]
Mitrale -+ neriie mrogen S =0 =i D 1] i 1] 2
Surfactamis (iodal) 15 15 15 15 15 15 15 15
E. coli {coumt’ | (Hmd) 1000 100 100 100 100 100 100 100

4 2



Republic of Iraq
Ministry of Higher
Education and Scientific
Research

2] YIOFM cK
cr 9/ IOF

Northern Technical

nle wy KOF r | HOF
University

Environmental and WGy AWPHC Hif
pollution department SH A3 KF 1

Water Quality Objectives (WQOSs)

The Water Pollution Comtk Ordinance (WPCQO) (Cap.358) provides the
major statutory framework for the protection and control of water quality in
Hong Kong. According to the Ordinance and its subsidiary legislation, the
whole Hong Kong waters are divided into ten Water Control ZgiWCZs).
Water Quality Objectives (WQOs) were established to protect the beneficial
uses of water quajitin WCZs.
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Environmental Impact Assessment for biological: terrestrial ecology

forest and wildlife

Environmental Impact Assessment (EIA) may provide a mechanism for
implementing sustainable development and ensuring wise use of natural
resources. By providing analytical procedures for studying relationships
betwesn organisms and their enviraent, ecologicascience has an obvious

role in EIA, but this has been undexploited under the existing legislation.
Ecological input to environmental statements (ESs) for proposed
developments has been criticized for its lack of scientific rigour and its
failure to predtt and evaluate ecological impacts. This article explores some
barriers to the adoption of 'best practice' which derive from ambiguities in the
wording of the legislation, key omissions in legislative requirements and
scientific limitations. Scope for remwing some of these barriers is
considered. The need for a more strategic approach to ecological impact
assessment, the introduction of standard protocols for survey and evaluation

and of formal requirements for monitoring of ecological impacts is idedtifi
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international debate on sustainable development and conservation of
biodiversity has gathered speed, focusing on the need to ensure that 'the
needs of the present' can be met 'without compromising the ability of future
generations to meet their needsrough environmental degradation and
depletion of natural resources (WCED 1987). As pressure grows to ensure
that economigrowth and development are cpatible with conservation of
world biodiversity, Environmental Impact Assessment (EIA) has been
herdded as a potential mechanism for implementing principles of

sustainability and 'wise use'.

Principle 17 of the Rio Declaration on Environment and Development
endorses the universal application of EIA 'as a national instrument' (McNeely
1994) and theresia clear role for EIA in the implementation of national
sustainable development strategies (NSDSs) (Sadler 1993). By providing
analytical procedures for studying relationships betwerganisms and their
envirorment, ecological science has an obvious irEEIA, but the evolution

of a recognizable discipline of 'ectpgical impact assessment' has been

slow. Because the need for ecological impact assessment arises from a
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political or socieeconomic motivation, there has been a tendency for
scientists to dubt whether it is an acceptable forum in which to 'rigorously
apply the scientific method' (Beanlands & Duinker 1984). -Hogical
studies undertaken for EIA have been subject to considerable criticism (by
other ecologists) since the United States' Matlidcnvironmental Policy Act
(NEPA) first created a formal requirement for environmental impact
assessment of proposed dewgiment actions in 1969 (Beanlands & Duinker
1984; Spellerberg & Minshull 1992; Treweek et al. 1993; Thompson 1995).
Many of theissues raised remain unresolved and, as a result, ecological
assessments carried out under EIA and related legislation continue to be
seriously flawed. In practice, rather than developing as the mainstay of EIA,
ecological impact assessment has emergedsa®h discipline which is often
underresourced and sometimes ignored altogether. The legislation has
resulted in procedural frameworks which draw on ecology too little and too
late and which fail to encourage good practice. If EIA is to be developed as a
tool of environmental management which can help to realize the goals of
sustainability and biodiversity conservation, it is important that ecologists

should have a much greater input, particularly in developing.
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its scientific basis. This article exploreeme of the possible reason&iyw
ecology continues to be nmanalized within the EIA process and why
scientists continue to regard EIA as unworthy of their attention. There appear
to be persistent barriers thet adofion of 'best practice', which need he
investigated. These may be of a legislative (political), scientific or technical
nature. Requirements for ecological impact assessment derive primarily from
legislative demand for EIA, which is outlined in the first part of the article.
Possible ambigties in the wording of the legislation and important
omissions with respect to requirements for ecological input are then explored
to interpret some of the observed shortcomings in ecological input to EIA.
The role of scientific limi tations to the evolion of predictive power in eco

logical impact assessment is then considered.

REQUIREMENTS FOR ECOLOGICAL INPUT TO EIAEIA is used

to predict the environmental coreences of proposed human actions,

whether these are individual projects (like tbenstruction of a power
station), groups of related projects or government policies. In most countries,
EIA has been implemented through planning atiter development consent

procedures and its commonest application has been with respect to individual
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proects or single actions. However, there are many environmental effects
which cannot be regulated effectively on such a restricted basis. There has
beengrowing pressure in most caumies of the world for EIA to be applied at
higher tiers in the decisiemaking process, ensuring that the environmental
implications of policies, plans, pgoams and ‘families' of projects are taken
into account as well as those of individual projects. Otiwese there is no
mechanism for assessing the overall impacts of celgi®jects power

stations and pipelines, for example) the cumulative impacts of serial

developments (a number of power stations) or the relative merits of
alternative sites, methods or pesses (codlred power stations vs. wind

farms).
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In Europe araft Directive on strategic environmental assessment (BE#\)

been circulated for condation, but in the meantime, EIA remains applicable
only at the project level, as required under the EA Directive (85/337/EEC). In
the UK, the Directive has been ilemented through specific sets of
Regulations covering different categories of development. The maost far
reaching in application are those relating to the town and country planning
system in England and Wales (ST 1988; no. 1199), but there are many others
(for example the Land Drainage Improvement Works (Assessment of

Environmental Effects).

In accordance with the "polluter pays" principle, the EC Directive requires
proponents of césin devebpments to undertake assessment of the likely
environmental décts of their proposals and to submit the findings to the
relevant competent authority in the form of an environmental statement (ES).
In common with much EIA legislation worldwide, the Directive makes some
stipulations concerning the content of the E8f Hoes not specify the
methods by which the EIA itself is to be conducted. This 'predueen’
approach to EIA has been much criticised for its failure to address obvious
methodological shortcomings (Smith 1993; Ortolano & Shepherd 1995). In
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fact it is possible that EIA may have done little to ensure that
environmentally sound decisions are actually made, as the main output of the
process, the ES, is often of questionable content and quality. While it is
important that EIA methodology itself should béomat to critical appraisal

in order to pre mote 'best practice', review of ESs remains the most
straightforward way to get an overview of ecological input to EIA. There are
some difficulties in conducting reviews of ESs, howews, there is no
centrally coodinated, comprehensive and -tqpdate collection of ESs
available in the UK. Some organizations and universities (notably Oxford
Brookes and Manchester Universities) which have undertaken to maintain
their own collections of ESs have found them oftificult to track down

and expensive to buy. In practice, ESs are summary documents which present
the results of a range of Elelated studies and it is unusual for them to
include full acounts of any ecological assesmnts which may have been
carried wit. There is a great deal of anecdotal evidence to suggest that the
results of ecolgical assessments may be misipreted, materially altered,
oversummarized or even ignored in ESs, so reviews of their ecological
content must be treated with some cautidever theless, ESs are intended

as stanehlone documents which provide all the information needed to
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evaluate the likely environmental implications of a proposal. At the very
least, their content should be in cgimnce with the requirements of the
Directive, but reviews of ESs suggest that many fail even to do this with
respect to ecological considerations (Treweek et al. 1993; Thompson 1995;
Morris 1995). Criticism of the ecological content of ESs has been voiced so
often that to reinforce it furthanay seem superfluous, but it is important to
emphasize quite how ecologically deficient the majority of ESs are. A
selection of bald statistics may help: in a review of 37 ESs for proposed new
roads, the area of land to be taken was only quantified irote@one gave
detailed breakdowns of the areas of wildlife habitat which would be lost
(Treweek et al. 1993). In the same study, only 35% of ESs included results of
field surveys and of these, 31% (11% of the whole sample) had been carried
out at inappropate times of the year. There were no cases where surveys had
been repeated to gain any indication of temporal trends. Such shortcomings

are common across the full range of development type
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INTERPRETING THE LEGISLATION

Examination of the EC Directty as implemented in the UK reveals
ambiguities in meaning which may be partly responsible. The need for an
ecological approach to EIA is strongly implied, but not stated explicitly, and
interpreaations of legislative requingents for ecological input havaried as

a result. In terms of EIA practice and actual requirements for ecological
input, the lgislation appears almost deditately vague. The requirements of
the Directive and the UK redations are summarized in a Guide to the
Procedures published blye Department of the Environment (DoE 1989). In
summary, proponents are required to provide a description of the proposed
development, the data necessary to identify and assess its main
environmental effects, alescription of the likely sigficant effeds, a
description of measures envisaged to avoid, reduce or remedy any significant
adverse effects and a ntegchnical summary. Further information may be
included to explain or amplify any of this information and some (limited)
guidance is given as to whghis might be. The 'Guide' also includes a

checklist of 'matters to be considered for inclusion'. It is not my intention to
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provide a comprehensive account of the legislation, but simply to highlight
some instancew/here ambiguities may have contributedsome observed

shortcoming
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Environmental Impact Assessment for biological aquatic ecology:

plankton, nekton, benthos and importance coastal habitat

Sampling methodology

This Guideline does not provide dééai methods for sampling but a brief
review, with references, is presented to provide an overview of some of the
methods currently in use. Data obtained from field studies should prawide
objective basis for the EIA process. Sampling methods shoulgokatable
and, in most cases, quantitative data should be obtdneplonents selecting
consultants to do field studies should expect therbhetdamiliar with and
preferably have a practical experience of, the methegisired to sample the

decision variales selected

(a) Describing aquatic habitats
Describing aquatic habitats likely to be affected by a proposed project is

fundamental to the EIA process. By knowing what habitats are present, it
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may be possible to infer the types of plants and animalswitiaalso be
present. Moreover, by knowing the extent of the habitats that may be
affected, the impact can be placed within the local, regional and state
contexts. Two approaches are used commonly

a simple inventory of habitats

guantitative measuseof extent and distribution

Whichever approach is used, it may be useful to obtain photographs of

different habitats to provide a permanent record prior to development

Habitat inventory

The simplest description normally made is to visit the site amdpde an
inventory of habitats present. Within an estuary, for example, there may be
seagrasses, mud or sand banks, deep holes, mangroves, saltmarshes or rocl
substrata (natural and artificial) (Burchmore et al. 1993). Within a river,
habitat inventorieshould include the presence of aquatic macrophytes, deep
holes, snags, adjacent wetlands and billabongs/anabranches. A limitation
with this approach is that it fails to provide an objective indication of the size

of various habitats, which could be useml fassessing importance in a
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regional context, for assessing the potential impact or for measuring the
extent of change. This limitation is of greater concern where habitats are
fragmented within the landscape and where some measure of the extent of
habitas and their relationships to one another is needed. A good example of
this is on rocky reefs, where habitats often occur as a mosaic of patches (eg.
kelp, turfing algae, rock barrens, etc) within the reef structure (Underwood et
al. 1991). This example s0 raises the issue of the coarseness of habitat
definition that may be appropriate. In some cases its may be sufficient to
simply identify the presence of rocky reef. In others may be important to
identify the range of reek habitats occurring within theky reef. This issue

also arises in studying saltmarshes, where there a numerous species occurring
with different distributions within this broad habitat type. Quantitative
description of habitats Where scoping studies identify an aquatic habitat that
is likely to be lost, reduced or otherwise modified by a proposed project, it is
usually important to obtain a quantitative estimate of the size of the habitat
present. This allows the magnitude of changes to be predicted and to place
them in a local or regimal context. Adopting this framework has the
advantage of allowing habitat information to be layered within Geographic

Information Systems (GISs) and can be used as a valuable tool in impact
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assessment by incorporation into "constraints mapping” (MordsTaerivel

1995; see also Part 4). Methods used to describe quantitatively habitats will
depend upon the proposed project and the spatial scale of interest to the
investigation. Four types of quantitative description are seen in EISs,
including:  habitatmapping from the ground using base maps or remote
imagery (eg. aerial photographs and satellite imagery) defining the
boundaries of habitats or features within habitats determining patch size of
features within habitats or within a mosaic of habitatswodelling the extent

of habitats under different environmental conditions. Some EISs attempt to
model quantitatively the extent to which habitats vary under different
environmental condition, both natural and humaninduced. For one EIS,
changes to beach Imgat and intertidal rocky shores were modelled in
relation to changes in wave energy (Metromix 1993). In another, changes to
water depth, sedimentary processes and wetted perimeter of a river were
modelled in relation to changing flow conditions (Damedv&ore 1996).
Modelling changes in habitat due to natural variation can allow the
assessment of the effects of the proposed project in relation to the natural

background. This could be potentially limited by the need to calibrate such
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models with real datand then validate them by applying them to a real

situation in nature.

Some habitats may be difficult to quantify, for example the habitat provided
by snags within a river. It is possible to count the number of snags over set
distances of river, but theregular shapes and sizes of the snags are difficult
to quantify. Depending on the question of interest and the nature of the
waterway, it may either be possible to count snags or develop a measure that
take into account categories of type and size of snd§W generally has a
good coverage of aerial photos. These are often available for the same places
at different times, sometimes spanning several decades. Aerial photos were
used to map the distribution of seagrasses, mangroves and saltmarshes ir
estuares and embayments along the NSW coast in thel88@'s (West et

al. 1985). Aerial photos can be digitised to provide very accurate mapping
and determination of areas. Satellite imagery also has the potential for use in
defining habitats, but has as yetalgt been seen in investigations of aquatic
ecology in NSW. Key issues that should be considered in using remote
images are: the need to define boundaries of habitats accurately the need

for groundtruthing to verify the habitats. For example, rockefse algal
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beds and seagrass beds may look similar in remote images and can all coexis
within a small area. For some investigations, it may not be critical that the
area of a certain habitat is known, but it may be important to define where the
boundary 6 that habitat occurs in relation to a proposed project. Aerial
photos may readily be used to define boundaries of some features. Where
these are obscured in the image, or photos are unavailable, it may be possible
to mark the edge of each boundary to daiee its relationship to the
proposed project, or to measure precisely changes in boundaries through
time. At smaller spatial scales, it may be important to define patches of
habitat or the extent to which habitats are fragmented. This may be important,
for example, when assessing the effects on adjacent seagrasses from moorin
chains and boat operations associated with a dredging operation. One method
used frequently to quantify patch size and/or percentage cover is-a line
intercept procedure. Typicallyransects are laid within the area of interest
and the type of cover is recorded at-getermined points or intervals along

the transect (eg. Morris and Therivel 1995). This method can be used on
coral and rocky reefs, seagrass beds, mangroves, saltg)aeghelt is also

used in rivers, where habitats can be described along or across the river.
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Forecasting
(a) The basis for predicting effects Predicting the response (if any) of a
decision variable to a disturbance can be very difficult and, in the
absenceof firm scientific information, requires a precautionary
approach. An EIS should explicitly define the basis of each
predicted effect on aquatic ecosystems and obtain the following
information in deriving each prediction:

a good understanding by aquadicologists of the nature of the
proposed project, including project design, construction activities
and timing;

detailed predictions of physical and chemical changes (often
provided by other specialists) resulting from the proposed project;

a descption of habitats and selected decision variables;

knowledge of how decision variables respond to the proposed
disturbance;

knowledge of the outcomes of similar projects elsewhere; and

knowledge of past, existing or other approved projects nearby
which may cause interactive or cumulative impacts with the project

being assessed. In some cases, predictions are based on modelling ol

60



simulation of data. It is important to ensure that models are properly
calibrated and independently validated with empirdata and that

any assumptions are clearly identified. The EIS should identify the
extent to which predictions of effects could be limited by failure to
validate models. Finally, in the absence of a firm objective basis,
predictions are often based dhe professional opinion of the
aquatic ecologist. Where this happens, the logic used to derive the
prediction(s) should be described and the subjective basis of the

prediction acknowledged.

(b) Frameworks for prediction of effects Predicting impactsaf@roposed
project should be done within a structured framework (eg. Morris and
Therivel 1995, Thomas 1998). Some frameworks are discussed here, with
examples, and it is clear that there is scope for considerable overlap among
frameworks. Haug et al. (1984lso addressed this issue and attempted to
define what Asignificant 1 mpactso I
which environmental impacts could be valued. It is often relatively

straightforward to identify and define physical and chemical effeatsnore
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difficult to predict the consequences for aquatic ecology and how this may

flow on to human activities.

(c) Direct and indirect effects Direct effects (also often called primary
effects) can include the removal or creation of habitat, empladeofe
barriers, etc. Indirect effects (also called secondary or tertiary effects) occur
as a consequence of direct effects. An example of a direct effect would be the
removal of seagrasses as part of a dredging project and the size of the effect
can be quatified in terms of the area lost. An indirect effect might be the
impact of theloss of seagrass on fish and crabs and the subsequent effect on
local fishers. Quantifying indirect effects can be very difficult because it
requires either knowledge or the need to make assumptions about the extent
to which organisms may depend on thenponent of the ecosystem that is

affected directly.

(d) Short and longerm effects Distinction is often made between different
time periods of predicted effects on the aquatic environment. For example, a
short termeffect associated with a dredging pospl might be the creation of

a turbid plume while dredging is occurring, but a long term effect would be
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the alteration of substratum in the area dredged. In this case, both impacts are
direct effects. In defining short and long term effects, it is atgmoirtant to
consider whether the consequences are short or long term (Glasby and
Underwood 1996). For example, creation of a turbid plume might disrupt a
significant settlement of aquatic organisms, which could have long term
consequences for that popudati Alternatively, whilst the dredging may
alter habitat for years or decades, biological recolonisation may be rapid and
have only shorterm consequences on the productivity of the area. Thus, the
duration and magnitude of physical effects may not bateel directly to

those of the ecological effects.

(e) Construction, operatal and decommissioning effectdlany projects
can be evaluated in terms of their construction and operational phases and
distinctive impacts may be associated with each. Exangblésese include

construction of sewage outfalls, marinas and foreshore development.

() Intermittent, periodic and permanent effects Activities during both the
construction and operational phases of a project can lead to intermittent,

periodic or permaent effects, which are often similar to the short and long
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term effects discussed above. In the context of the construction phase, an
intermittent effect would be runoff from cleared areas during rainfall; a
periodic effect might be related to dredging ddar certain periods each day

and permanent effects may be associated with disposal of dredge spoil. In the
context of the operational phase, an intermittent effect would include
accidental spills (e.g. from fuel pumps on a jetty), periodic effects rbght
related to seasonal rainfall that leaches acids from acid sulfate soils while a

permanent effect might include permanent loss of habitat due to reclamation.

(g) Opportunities and constraints Irrespective of the framework in which
effects of a proposedrgect are assessed, it is often useful to identify
concisely the opportunities and constraints (ie. predicted positive and
negative impacts) associated with the project. Opportunities may include
positive steps that could be taken to improve an areadsglrdiaturbed by
human activities (eg. removal of unwanted alien species); constraints may
include the presence of endangered or threatened species, fishing grounds ol
habitat that should be preserved as part of the project design. (h) Isolated,
interactiveand cumulative effects The effects of a proposed project are often

predicted in relation to other human development or activities within the
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waterway of interest and/or its catchment. Proposed projects are generally
assessed in isolation of other projedtist there is an increasing requirement
for interactive effects to be considered due to increasing pressure for
development of waterways and the realisation that numerous small projects
potentially can have large cumulative effects. A major difficultyoaisded

with predicting cumulative effects is that there is often a lack of information

on the effects of other projects.

Two suggestions that may be suitable for predicting cumulative effects are as
follows:

Direct loss or creation of aquatic habit@umulative effects can be
predicted by estimating how much of a particular habitat has been lost or
created in a waterway due to previous development, by predicting the
potential change associated with the project being considered and examining
predicted banges from other proposed projects. Estimates of earlier loss or
creation may be made by reference to historical aerial photographs,

bathymetry and earlier habitat maps (eg. West et al. 1985), etc.
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Introduction of nutrients, pathogens and toxic chemsic&umulative
effects can be estimated by modelling the change in water quality indicators
in relation to the existing background concentrations. Here it may be
important to know the relative input from noatural sources or it may
simply be a case of @stating if the changed water quality indicators are

within specified water quality guidelines.

Important and trivial effects Predictions regarding the effects of a proposed
project should be evaluated in terms of their relative importance. Some
impacts m# be trivial whilst others are very important. The significance of
predicted negative effects is often evaluated in terms of the magnitude of
spatial scale and duration, the inertia, resilience and stability of the decision
variables and the value of theosystem. Acceptable and unacceptable
effects A final example presented is for effects on the aquatic environment
that are predicted to be acceptable or unacceptable. By defining an effect as
"acceptable" a proponent acknowledges that the proposed projeict have

an effect, but it is justifiable in terms of the benefits associated with the
project. An "unacceptable" effect would obviously be a serious, if not fatal,

impediment to a proposed project. Hopefully, this type of effect would be
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identified durng the scoping phase of a project, in which case the proponent
may decide that the project is not sustainable (and therefore not proceed) or
seek to develop mitigative measures to minimise (ie. make acceptable) or

remove that effect
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